Polymer foam biocomposites based on polypropylene/rice straw (PP/RS) were successfully prepared by using an extrusion foaming process. The compounding of PP and RS was performed in a twin-screw extruder which was blended with crosslinker; dicumyl peroxide (DCP) and blowing agent; azodicarbonamide (AZ). The foam biocomposite was extruded at temperatures of 180, 190, 190 and 200 °C respectively, which set from the feeder until the die zone. The thermal properties were investigated by using differential scanning calorimetry (DSC).
Introduction
Polymer foams can be generally classified as macro-cellular, micro-cellular and ultra-micro-cellular ones. Many advantages exhibit on foaming polymers over unfoamed polymers such as higher impact strength, higher toughness, and higher stiffness to-weight ratio, higher fatigue life, higher thermal stability, lower dielectric constant, and lower thermal conductivity [1] . Environmental concern of waste reduction helps to transfer the previous tradition of burning for disposal of natural fibers by utilizing them as fillers. Increasing the utilization of fibers, may solve the pollution problems. The improvement of foaming the polymer biocomposites really works because it will reduce the consumption of polymer's resins which can directly reduce the material costs and enhanced the physical properties such as lightness. Previously, many foaming researches have been done on the polymer biocomposite. Foaming polyethylene was widely accepted and done by researchers instead of polypropylene as reported by Abe and Yamaguchi in 2000 [2] , where in their study of foaming crosslinked polyethylene, the degree of shrinkage reduced with the increasing of crystallization temperature Tc, due to the immediate crystallization. Generally, foam polymers give better result in properties with desirable improvement in many particular features such as higher in impact strength, toughness, stiffness to weight ratio, fatigue life and thermal stability. The existence of renewable products had significantly able to replace the products from synthetic fibers with greater properties [3] . Unfortunately, in many advantages of utilizing natural fibers, it still has a few weaknesses such as low allowable processing temperatures and hydrophilic nature [4] . Interestingly, rice straw is one of the most arising natural fiber utilized as the filler in thermoplastics due to its good thermal stability than the others natural fiber [5] . The thermal properties and thermal stability of biocomposite foam were studied by using the differential scanning calorimetry (DSC) in a material as a function of temperature (or time) under a controlled atmosphere.
Determination of Thermal Properties
Perkin Elmer Differential Scanning Calorimetry (DSC) was used in order to investigate the thermal properties of samples such as melting temperature, Tm and degree of crystallinity, Xc. In DSC, the thermal properties of a PP/RS biocomposite foam sample are compared against a standard reference material such as zinc and indium. The reference material has no transition in the temperature range.
Each is contained in a small holder within an adiabatic enclosure. The temperature of each holder is monitored by a thermocouple and heat can be supplied electrically to each holder to keep the temperature of the two equal. A plot of the difference in energy supplied to the sample against the average temperature, as the latter is slowly increased through one or more thermal transitions of the sample yields important information about the transition, such as latent heat or a relatively abrupt change in heat capacity. The preparations of samples for this analysis need to consider the mass which was used during the test. The samples for this investigation must be approximately 6 -12 mg each so it easier to locate it into the pans. The heating rate used was at 20 °C/min while the range of temperature scan was at 30 °C to 250 °C. From the analysis, the information about the heat of fusion, the crystallinity and the peak heat flow rate upon melting and cooling were obtained. As noted, in order to investigate the effect and influence of the existence foam in PP/RS biocomposite structure, the melting behavior and crystallinity were considered based on the first curve of heating. Thus, the crystallinity gained can be described as prediction crystallinity, Xc prediction. The percentage of predicted crystallinity, Xc prediction was determined using Equation (1), where delta H is the melting or crystallization enthalpy for composite sample and delta Hm is the melting or crystallization enthalpy of neat PP matrix [6, 7] . From El-Dessouky in 2009 [8] and Longo in 2011 [9] , delta H for 100% crystalline PP is 207 J/g.
Where, ∆H = crystallization enthalpy of composite sample ∆Hm = crystallization enthalpy of 100% crystalline PP Table 1 shows the prediction of crystallinity, Xc prediction (%), delta H (J/g) and melting temperature, Tm (°C) of PP/RS biocomposite foam at different rice straw (RS) loading. In general, the increased in filler loading has decreased the percentage of Xc prediction . It is worth to note that rice straw is not acting as a nucleating site for crystal growth. The existence of rice straw fiber had induced the viscosity of PP/RS biocomposite foam. As the viscosity increased, the density also tends to increase. As mention in study of Kholodovych and Welsh in 2007 [9] , the increasing in density of a polymer will lead the increment of its degree of crystallinity, Xc. Unfortunately, the fibrous in rice straw might resisted or interrupted the crystal growth of polypropylene thus decreased the percentage of Xc prediction . Increased in filler loading has decreased the percentage of Xc prediction which indicates that less nucleation occurred at higher rice straw Applied Mechanics and Materials Vol. 695 loading due to the increment of viscosity of the matrix filled with filler. Besides that, the use of rice straw in biocomposites systems led to the reduction of peak heat flow rate in foam [10] . Table 2 recorded the percentage of prediction crystallinity, Xc prediction (%), delta H (J/g) and melting temperature, Tm (°C) of 80PP/20RS biocomposite foam at different concentration of azodicarbonamide. From the results, it is shown that the percentage of Xc prediction varied for all concentration of azodicarbonamide with no specific trend. As observed, at 1.5 phr azodicarbonamide, the percentage of Xc prediction is the highest and automatically supported the higher density value at density section. Fortunately, it is interesting to note that, this concentration of azodicarbonamide is the optimum concentration which produced good cells structure in 80PP/20RS biocomposite foam. The good in shape and amount at cells contributed to the enhancement in cells growth, which was acting as nucleating agent. The melting temperature, Tm also supported the gel content value (crosslinking) at 1.5 phr azodicarbonamide where it recorded the higher value of crystallinity values, Xc due to the good crosslinking in 80PP/20RS biocomposite foam. It was influenced by the cells which still maintained the spherical shape of close cells structure with a good distribution at this concentration. 
Melting Behaviour and Prediction Crystallinity on Rice Straw Loading

Melting Behaviour and Prediction Crystallinity on Azodicarbonamide Loading
Melting Behaviour and Prediction Crystallinity on Dicumyl Peroxide Loading
As can be seen in Table 3 , the Xc prediction percentage decreased until 1.5 phr DCP, and then increased. It was due to the existence of efficient crosslinking which had eliminating free chain to crystallize thus reduced the percentage of Xc prediction values. The percentage of Xc prediction values had the same trend as the density as supported by the previous study of Kholodovych and Welsh in 2007 [9] . Dicumyl peroxide was proved as an indicator for the crystallinity occurred in biocomposite where the Xc normally proportionate with the density. At 2.0 and 2.5 phr dicumyl peroxide, the percentage of Xc prediction tend to increase compared to 1.5 phr. The decreasing amount of crosslinking due to the chain scission will increase the percentage of Xc prediction . 
Advanced Research in Materials and Engineering Applications
As far as the percentage of Xc prediction is concerned, crosslinks are eliminating chains from the crystallization process because, as the crosslinking compound is not active for some unknown reason and producing a low crosslinking density, crystals from the molten state could easily rebuild its structure after cooling. This produces some minor changes in the percentage of crystallinity in comparison with the uncrosslinked material [11] . The concentration of crosslinker also had effect on the properties of PP/RS biocomposite foam. At 1.0 and 1.5 phr DCP concentrations was found to be an optimum loading to exhibit the 70% of crosslinking in PP matrix. At 1.0 phr DCP concentration is believed to give the good degree of crosslinking in the PP/RS biocomposite foam and strong supported by the second high melting temperature (Tm).
Conclusively, increased in rice straw loading has decreased the percentage of crystallinity. At 20 wt% of rice straw, it exhibits a good condition of close cells structure. At 1.5 phr azodicarbonamide, the percentage of crystallinity values, Xc is the highest. It was influenced by the cells which still maintained the spherical shape of close cells structure with a good distribution at this concentration. The concentration of crosslinker also had effect on the properties of PP/RS biocomposite foam. At 1.0 and 1.5 phr DCP concentrations was found to be an optimum loading to exhibit the 70% of crosslinking in PP matrix. While, at 1.0 phr DCP concentration is believed to give the good degree of crosslinking in the PP/RS biocomposite foam.
